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Additional Information on report: Development of an efficient method for the synthesis of functionalized diarylmethanes 1,2 is considered an active research area in direct C-H functionalization. A classical still widely used approach to prepare these structural motifs is Lewis-acid mediated FriedelCrafts (or S E Ar) reactions of arenes with benzylic electrophiles. 3 While valuable these processes often suffer from several limitations including restrictions to electron-rich arenes, stumpy tolerance to acidsensitive functional groups, and low chemo-and regioselectivities. Remarkably, some of these limitations have been addressed in the Friedel-Crafts benzylation of activated and deactivated arenes using Lewis acid BF 3 ·OEt 2 . 4 Recently, transition-metal catalyzed cross-coupling reactions of a stoichiometric organometallic aryl with benzyl halides have emerged as alternatives to the Friedel-Crafts reactions. 5 However, these cross-coupling reactions call for pre-functionalization adding synthetic steps to the preparation of organometallic reagents and demand improved functional groups compatibility. To overcome these drawbacks, transition-metal catalyzed direct benzylation 6 of electron-deficient arenes and heteroarenes have been successfully developed, which includes palladium-catalyzed direct benzylation of arenes, 7, 8 pentafluoroarenes (Scheme 1), 9 xanthenes, 10 azoles, 11,12 oxazol(in)es, 12 or heteroarenes 7, 13 (Scheme 2), ruthenium-catalyzed direct benzylation of arenes containing a heterocycle (Scheme 3), 14 and cobalt-catalyzed direct benzylation of N-pyridinylindole (only one example) with benzyl phosphate (Scheme 4). Notably, palladium-catalyzed asymmetric direct benzylation of 3-aryl oxindoles 16 and azlactones 17 have also been realized (Scheme 5). At the outset, choice of the appropriate benzylic electrophile for palladium-catalyzed direct benzylation of benzamides was crucial. While transition metal-catalyzed direct benzylation of electron-deficient arenes or (hetero)arenes was successfully achieved with benzyl chloride, only a limited success was documented with benzyl bromide. 9,13a Initial efforts directed to the development of palladium-catalyzed direct benzylation of benzamides with benzyl chloride invariably gave N-benzylated benzamides as major isolated product (Scheme 7). We, therefore, chose 3-methoxybenzyl bromide (2) in our optimization study. The reason for choosing 2 as electrophile was two-fold: (1) it is readily available in our laboratory, (2) η 3 -benzyl-palladium species generated in situ from 2 by oxidative addition of Pd 0 would be stabilized by the presence of an electrondonating group. 5, 6 We began our optimization study using a reaction condition used for the direct benzylation of electron-deficient arenes. 9 Thus, reaction of 1 with 2 did not afford the diarylmethane 3 under the condition described in the literature ( C using other solvents [o-xylene, DMA, DMF, or DME] was detrimental (entry 9). However, the yield of 3was increased to 45% using dioxane as the solvent (entry 10). A lower catalyst loading (5 mol%) was somewhat better to suppress the formation of undesired products at the cost of unreacted starting material. Thus, compound 3 was best obtained in 60% yield by heating 1 and 2 in the presence of 5 mol% Pd(OAc) 2 , 10 mol% PPh 3 and 1.2 equiv Cs 2 CO 3 in dioxane at 110 0 C (entry 11). It should be noted here in addition to the desired diarylmethane 3, the formation of N-benzylated, N,Cdibenzylated derivatives, and other unidentified products account for the mass balance of conversion of benzamide into products. For example, 3-trifluoromethylbenzamide produced diarylmethane 6 in 68% yield together with N-benzylated (SC-1) and N,C-dibenzylated (SC-2) derivatives in 8% and 11% yields, respectively (Scheme 8). Attempt for complete conversion of starting material into products using excess 2 (2 equiv) was not beneficial (entry 12). However reported experimental condition 18b resulted in only 20% yield (entry 13).
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Similarly, further lowering of the catalyst loading to 2.5 mol% or 1.25 mol% was deleterious (entry 14). Replacing Pd(OAc) 2 by Pd(PPh 3 ) 4 resulted in slightly reduced yield of 3 (entry 15). The optimized condition excluding PPh 3 gave the desired ortho-benzylated benzamide in reduced yield (38% vs. 60%) with increased amount of byproduct (C,C-dibenzylated benzamide and C,N-dibenzylated benzamide) (entry 16). A similar observation (reflecting reduced yield) was also recorded in the reaction of 3-trifuorobenzamide and 3-methoxybenzyl bromide under the optimized condition excluding PPh 3 (42% vs. 68%). To understand the role of Ph 3 P in this reaction, we performed the following control experiments. An experiment involving reaction of Ph 3 P and benzyl bromide in dioxane at 110 0 C for 30 min did not
show the presence of Ph 3 P on TLC and formed a white colored insoluble material, which indicated the formation of benzyl triphenylphosphonium salt. Another control experiment including Pd(OAc) 2 , Ph 3 P, and benzyl bromide in dioxane at 110 0 C for 1-2 h also did not reveal the presence of Ph 3 P. 31 P NMR of these reactions also suggested the absence of Ph 3 P ( 31 P NMR Spectra Exp-A and Exp-B, respectively). Remarkably, reaction of a secondary benzamide (N-methylbenzamide or N-phenylbenzamide) with 2 did not give the corresponding direct benzylated product under the best condition (entry 17). Only a few examples of direct benzylation of activated C-H bonds in (hetero)arenes using 2-, 3-or 4-chlorobenzyl chloride has been documented, which demonstrated chemical selectivity at benzyl chloride over aryl chloride. 13, 14 This may be rationalized of the poor reactivity of aryl chloride compared to benzyl chloride leading to chemoselective direct benzylation.
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Experimental
General Information: Unless otherwise noted, all reagents and solvents were purchased from commercial sources and used as received. All palladium-catalyzed reactions were degassed with argon and performed in a screw-capped vial. Unless specified, the proton and carbon NMR spectra were obtained in CDCl 3 using a 400 MHz spectrometer and are reported in δ units. Coupling constants (J values) are reported in Hz. Column chromatography was performed on silica gel (100-200 or 230-400 mesh). High Resolution Mass Spectra (HRMS) were obtained using Bruker-Maxis. IR spectra were obtained using Perkin Elmer-Spectrum II instrument. All melting points were taken using a melting point apparatus equipped with a calibrated thermometer and are uncorrected. New compounds were characterized by melting point, 1 H NMR, 13 CNMR, IR, and HRMS data.
All benzamides and benzyl bromides were purchased from commercial vendors. (Na 2 SO 4 ), concentrated under reduced pressure, and purified by column chromatography on silica gel using (ethyl acetate/ hexane = 1:7) as an eluent to give the cyclized compound.
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